Background/Objectives: Evidence on the role of diet during adulthood and beyond on fracture occurrence is limited. We investigated diet and hip fracture incidence in a population of elderly Europeans, participants in the European Prospective Investigation into Cancer and nutrition study. Subjects/Methods: 29 122 volunteers (10 538 men, 18 584 women) aged 60 years and above (mean age: 64.3) from five countries were followed up for a median of 8 years and 275 incident hip fractures (222 women and 53 men) were recorded. Diet was assessed at baseline through validated dietary questionnaires. Data were analyzed through Cox proportional-hazards regression with adjustment for potential confounders. Results: No food group or nutrient was significantly associated with hip fracture occurrence. There were suggestive inverse associations, however, with vegetable consumption (hazard ratio (HR) per increasing sex-specific quintile: 0.93, 95% confidence interval (CI): 0.85-1.01), fish consumption (HR per increasing sex-specific quintile: 0.93, 95% CI: 0.85-1.02) and polyunsaturated lipid intake (HR per increasing sex-specific quintile: 0.92, 95% CI: 0.82-1.02), whereas saturated lipid intake was positively associated with hip fracture risk (HR per increasing sex-specific quintile: 1.13, 95% CI: 0.99-1.29). Consumption of dairy products did not appear to influence the risk (HR per increasing sex-specific quintile: 1.02, 95% CI: 0.93-1.12). Conclusions: In a prospective study of the elderly, diet, including consumption of dairy products, alcohol and vitamin D, did not appear to play a major role in hip fracture incidence. There is however, weak and statistically non-significant evidence that vegetable and fish consumption and intake of polyunsaturated lipids may have a beneficial, whereas saturated lipid intake a detrimental effect.
Introduction
Bone fractures constitute a major public health problem among the elderly worldwide (Cummings and Melton, 2002; Johnell and Kanis, 2006) . In the year 2000, there were an estimated 9 million fractures among the elderly, a large fraction of which (35%) were among Europeans (Johnell and Kanis, 2006) . Age-related bone fractures represent one of the most important causes of long-standing pain and functional impairment, disability, diminished quality of life and death (Center et al., 1999; Cummings and Melton, 2002; Richmond et al., 2003) . In Europe, the estimated disability adjusted life years lost due to osteoporotic fractures exceed those from most common cancers, with the exception of lung cancer (Johnell and Kanis, 2006) . Furthermore, bone fractures impose a substantial economic burden to health services and to society (Johnell, 1997) . Hip fractures contribute the most to this burden, mainly in terms of severity, functional dependence, social and economic cost and fatality (Kannus et al., 1996; Cummings and Melton, 2002) .
The pathogenesis of bone fractures, and hip fracture in particular, is complex (Cummings and Melton, 2002) . Impaired bone strength (a parameter depending on density, dimension and quality of the bone) and trauma from falling are the main conditions that usually in combination result in bone fracture among the elderly. Many factors seem to affect bone fracture risk by operating through one of these mechanisms (Kannus et al., 2005; Benetos et al., 2007) .
Our knowledge on the role of dietary factors during adulthood and beyond on fracture occurrence is limited (Prentice, 2004) . We have examined the potential association of diet with hip fracture incidence in a cohort of elderly European volunteers in the European Prospective Investigation into Cancer and nutrition (EPIC) study.
Subjects and methods
Recruitment EPIC is a multicentre, prospective cohort study aiming to investigate the role of biological, dietary, lifestyle and environmental factors in the etiology of cancer and other chronic diseases. The study populations are volunteers invited from the general adult population (with few exceptions) as random samples of defined populations were not required; moreover response rates from most centers are not available. The study design and population selection criteria for the EPIC study have been described in detail elsewhere (Riboli et al., 2002) . The study protocol has been approved by ethics committees at the individual participating centers, whereas all participants signed informed consent forms before enrollment. All procedures have been in accordance with the Helsinki declaration for human rights.
Data from 30 274 elderly participants from seven centers in five European countries participating in the EPIC-Elderly Network on Ageing and Health project were included in this analysis (for Italy, Varese and Ragusa; for the Netherlands, Utrecht; for Greece, Athens; for Germany, Heidelberg and Potsdam; for Sweden, Umea). EPIC-Elderly Network on Ageing and Health aimed at investigating aspects and predictors of healthy ageing. The source population of EPIC-Elderly Network on Ageing and Health is a cohort consisting of participants aged 60 years and older in the respective EPIC centers (Trichopoulou et al., 2007) .
Data on diet and other variables at baseline Usual dietary intake during the year preceding enrolment was collected with the use of self-administered (in the Netherlands, Germany, Sweden and Varese in Italy) or interviewer-administered (in Greece and Ragusa in Italy) food-frequency questionnaires developed and validated within each country (or center in Italy and Sweden) (Margetts and Pietinen, 1997; Riboli et al., 2002) . In addition to baseline dietary questionnaires, highly standardized 24-h dietary recall interviews were conducted, using EPIC-SOFT software International Agency for Research on Cancer (IARC), Lyon, France. (Slimani et al., 1999) on a random sample (5-12%) of each EPIC cohort with the aim to calibrate the measurements across countries .
Nutrient intake (in gram/day) and total energy intake (in kcal/day) were calculated for each participant on the basis of the European Prospective Investigation into Cancer and Nutrition Nutrient Database developed in order to harmonize nutrient databases across the 10 European countries participating in EPIC (Slimani et al., 2007) .
For the present study, the major food groups (selected from the common EPIC-SOFT classification), the major macronutrients, as well as, selected micronutrients (based on previous knowledge of their association with the outcome of interest) were considered: vegetables, legumes, potatoes, fruits and nuts, dairy products, cereals and cereal products, meat and meat products, fish and shellfish, eggs, sugar and confectionery, as well as, protein, total carbohydrates, total lipids, monounsaturated, polyunsaturated and saturated lipids, ethanol, calcium and vitamin D.
A pre-coded questionnaire was used to collect information on lifestyle, socio-demographic and health characteristics, such as smoking habits, physical activity, education and medical history. Anthropometric measurements (height and weight) were taken in all centers using similar, standardized procedures (Haftenberger et al., 2002) . Body mass index was calculated as the ratio of weight in kilograms divided by the square of height in meters (in kg/m 2 ).
Follow-up and information on the primary end point From the initial cohort of 30 274 elderly participants with reasonable energy intakes (participants in the top and bottom 1% of the ratio of energy intake to estimated energy requirements had already been excluded from the sample), 1152 participants were excluded because of missing values in one or more of the variables used in the analyses. Thus, the final study population consisted of 29 122 elderly, 10 538 men and 18 584 women, with a mean age of 64.3 years at enrolment (min: 60, max: 86). During a median follow-up of 8 years and a total contribution of 243 330 person-years, Diet and hip fractures among the elderly V Benetou et al 275 incident cases of hip fractures (222 women and 53 men) were recorded. When a study participant had more than one hip fracture during follow-up only the first was considered. Information on incident hip fracture was collected through active follow-up methods (telephone interviews or mailed questionnaires eliciting self-reported information) in Germany, Greece and the Netherlands, through record linkage (with hospital discharge records using ICD-10 codes S72.0-S72.2) in Italy and through hip fracture registries (using ICD-10 codes S72.0-S72.2) in Sweden. In a validation exercise conducted in Greece, 79% of self-reported cases of incident hip fractures were medically confirmed, whereas for most of the remaining cases medical records could not be traced.
Statistical analysis
Frequency distributions were used for descriptive purposes. Mean values of intake and standard errors were calculated for each dietary variable investigated, including energy intake.
Cox proportional-hazard regression models were used to quantify the association of intake of selected food groups and nutrients with hip fracture incidence. In all models, length of follow-up was the primary time variable and diagnosis of the first incident hip fracture during follow-up was the outcome event. Subjects with no incident hip fracture were considered as censored at the last date when information on their vital status was assessed or at their date of death. For all dietary variables, sex and country-specific quintiles were computed based on the respective frequency distributions. All models were stratified by center and simultaneously adjusted for sex, age at recruitment (60-64 years, 65-70 years, 470 years; categorically), educational level (p6 years, 7-12 years, X13 years, categorically), smoking status (never smokers, former smokers and current smokers, categorically), body mass index (in ordered sexspecific quintiles), height (continuous, in 5 cm increments), physical activity at leisure (per increasing tertile), dietary supplement use, diabetes mellitus at enrolment (yes, no) and total energy intake (per 500 kcal/day).
Data were also analyzed after additive calibration to accommodate for possible systematic differences in estimates of dietary intake from food questionnaires across the centers (Kaaks and Riboli, 1997) . Briefly, the differences between the sex and centre-specific means of the values from the food frequency questionnaire and the means of the 24-h recall values were calculated and added to the questionnaire values. The calibrated values and their association to hip fracture incidence were investigated using similar models.
All analyses were performed using the STATA. 
Results
Baseline characteristics of the total study population and hip fracture cases, by gender are shown in Table 1 . Data in this table serve only descriptive purposes as mutual confounding, time to event and country differences are not accounted for. The high mean body mass index values among both men and women and the high percentages of current and former smokers among men are of interest.
In Tables 2 and 3 , the mean daily intake of major food groups (Table 2 ), major energy-generating nutrients and selected micronutrients (Table 3) are shown by country and gender. There is considerable variability among countries with respect to intakes of various food groups with striking examples the higher consumption of vegetables and fruits in Greece and of dairy products in the Netherlands and Sweden. Table 4 shows Cox-regression-derived hazard ratios (HRs) for incident hip fractures with respect to the dietary variables of interest, alternatively evaluated, controlling for potential confounders as shown in the footnote of the table.
No significant associations are evident with respect to any of the nutritional variables. Higher vegetable consumption is non-significantly associated with lower hip fracture incidence (HR per increasing quintile ¼ 0.93 with 95% confidence interval (CI): 0.85-1.01). The same applies for fish and shellfish consumption (HR per increasing quintile ¼ 0.93 with 95% CI: 0.85-1.02). Consumption of dairy products was not related to hip fracture incidence. With respect to intake of energy-generating nutrients, hip fracture incidence was positively associated with saturated lipids (HR per increasing quintile 1.13 with 95% CI: 0.99-1.29) and inversely associated with polyunsaturated lipids and total carbohydrates (HR per increasing quintile 0.92 with 95% CI: 0.82-1.02 and 0.91 with 95% CI from 0.79 to 1.06, respectively). Lastly, we found no evidence that calcium and vitamin D, or ethanol is associated with hip fracture occurrence. It is interesting to note that intake of dietary supplements was positively, albeit not significantly, associated with risk of hip fracture.
We repeated the analysis after exclusion of data from Italy and Greece in order to examine whether dietary vitamin D could have an inverse association with risk of hip fracture in countries in which limited sunshine does not We also repeated the analysis after calibration, but the results were very similar; the largest difference was with respect to total carbohydrates for which the HR changed from 0.91 (95% CI: 0.79-1.06) to 0.94 (95% CI: 0.81-1.09) and the corresponding P-value from P ¼ 0.23 to P ¼ 0.40.
Furthermore, we ran the same models using sex-specific quintiles across the total EPIC cohort for all dietary variables.
Minor, yet notable, changes were evident with respect to saturated lipids for which the HR increased from 1.13 (P-value ¼ 0.07) to 1.20 (P-value ¼ 0.01) and to fish intake for which the HR decreased from 0.93 (P-value ¼ 0.09) to 0.91 (P-value ¼ 0.06).
A secondary analysis looking for a possible threshold effect was also conducted but no deviation from log-linearity for any of the food groups and nutrients examined was found.
Discussion
In a prospective study of elderly Europeans diet including consumption of dairy products did not appear to have a major role in the incidence of hip fractures. There is, however, weak and statistically non-significant evidence that vegetable and fish consumption and intake of polyunsaturated lipids may have a beneficial effect, whereas saturated lipid intake may have a detrimental effect.
Our knowledge on the role of diet during adulthood and beyond on fracture occurrence is limited (Prentice, 2004) . Adequate calcium intake is thought to be essential in all stages of life, for achieving the maximum of bone mass during childhood and early adult years, and for minimizing bone loss thereafter (WHO, 2003) . Nevertheless, the association between calcium intake from usual diet, mainly in the form of dairy products, and fracture risk among middle aged and elderly populations remains inconclusive (Weinsier and Krumdieck, 2000; Prentice, 2004) . Observational epidemiological studies have shown that in countries with average mean calcium intakes, no association between calcium intake and hip fracture risk is apparent in older men and women (Kato et al., 2000; Weinsier and Krumdieck, 2000; Feskanich et al., 2003; WHO, 2003; Bischoff-Ferrari et al., 2007) , whereas in populations with low mean calcium intakes, an increased risk of hip fractures with declining calcium intake (below around 400-500 mg of calcium/day) has been reported. On the other hand, the beneficial effect of combined calcium and vitamin D supplementation for fracture prevention in the frail elderly population is considered as documented and constitutes a recommended intervention against bone loss (Kannus et al., 2005) . Nevertheless, results from randomized controlled trials concerning the antifracture efficacy of calcium and/or vitamin D intake are not in agreement (Jackson et al., 2006; Bischoff-Ferrari et al., 2007; Tang et al., 2007) . In this population of elderly Europeans, no association between hip fracture risk and consumption of dairy products or intake of calcium or vitamin D was observed.
Fruits and vegetables have been linked with decreased risk of fractures (WHO, 2003) . Several components in these foods, such as vitamins K and C, phytoestrogens, potassium and magnesium, as well as, the promotion of an alkaline environment, have been associated with the preservation of bone health (Tucker et al., 1999; Burns et al., 2003) . In our study, vegetable consumption appears to be inversely, although statistically not significant, associated with hip fracture risk (P ¼ 0.10).
Fish consumption was weakly and inversely associated with hip fracture risk in this study. This finding is consistent with those of other investigations (Suzuki et al., 1997; Feskanich et al., 2003) even though, null associations have also been reported (Appleby et al., 2007) . Fish (especially dark meat fish) constitute good sources of calcium (especially when edible bones are consumed) and vitamin D. Moreover, they are rich in o-3 fatty acids. Recent studies have provided evidence for a beneficial role of o-3 fatty acids, especially eicosapentaenoic acid and docosahexaenoic acid, on bone health and the prevention of bone/joint diseases (Watkins et al., 2001; Manek and Connor, 2007) . The evidence points to an attenuation of bone loss through inhibition of cytokine formation and consequently suppression of osteoclast activation (Sun et al., 2003) . Moreover, a positive association of o-3 fatty acids and bone mineral density (BMD) in healthy men has been reported (Högström et al., 2007) . Nevertheless, further studies of the physiologic effects of o-3 fatty acids and fish intake on bone health are needed.
No association between protein intake and hip fracture risk was apparent in our population. Dietary protein is important for the growth, development and maintenance of bones. High dietary protein intake has been positively associated with BMD (Promislow et al., 2002) , whereas low intake with increased bone loss (Hannan et al., 2000) . Nevertheless, epidemiological findings concerning protein intake and hip fracture risk are inconsistent (Feskanich et al., 1996; Heaney, 2001; Wengreen et al., 2004) .
There is emerging evidence from human and animal studies that dietary lipids have an important role in skeletal biology and bone health (Corwin, 2003) . Total lipid intake may increase the risk of bone fractures, especially among postmenopausal women (Kato et al., 2000) and decrease BMD (Cooper et al., 1996; Corwin et al., 2006) . Moreover, there are indications that the type of lipids consumed is important (Macdonald et al., 2004; Weiss et al., 2005; Corwin et al., 2006; Manek and Connor, 2007) . Saturated lipids were found to be inversely associated with BMD in the National Health and Nutrition Examination Survey (NHANES) III (Corwin et al., 2006) . Monounsaturated lipids were found to be positively associated with BMD in a study of Greek adults (Trichopoulou et al., 1997) , although other investigations have not reproduced that finding (Macdonald et al., 2004) . Polyunsaturated lipids have been associated with increased bone loss and reduced calcium absorption attributed to the formation of calcium-fatty acid soaps (Macdonald et al., 2004) . In line with the existing evidence, in our study saturated lipid intake tended to increase hip fractures risk (HR per increasing quintile ¼ 1.13 with 95% CI: 0.99-1.29), whereas polyunsaturated lipid intake to reduced this risk (HR per increasing quintile ¼ 0.92 with 95% CI: 0.82-1.02) although neither association was statistically significant.
Little is known on the relation of carbohydrates with bone health and fracture risk. Monosaccharides and disaccharides have been reported to increase fracture risk (Trichopoulou et al., 1997) . High alcohol consumption over a long period of time, as well as, alcoholism, appears to increase hip fracture risk (Høidrup et al., 1999; Holberg et al., 2005) . There are conflicting reports, however, with respect to moderate alcohol consumption (Hernandez-Avila et al., 1991; Baron et al., 2001) . In our study, neither carbohydrates nor alcohol were found to be significantly or suggestively related to hip fracture risk.
Strengths of our investigation are its prospective design, the relatively long follow-up and the employment of validated research instruments (Margetts and Pietinen, 1997; Riboli et al., 2002) . A limitation is that fractures, even though as important as hip fractures, may not be always reported particularly in centers that rely on active follow-up.
This would create underestimation of the incidence of fractures and of the incidence attributable to various exposures. However, the ratio of the incidence rates among exposed and unexposed will not be affected unless underreporting is associated with a particular exposure, something that could not happen with the specific study design (MacMahon and Trichopoulos, 1996) . It is also possible that underreporting would be different among centers and this could create confounding bias. In our analysis, however, we have stratified for center and this controls for any possible confounding. Other limitations are the relatively small number of outcomes and the different sources of information on hip fracture incidence between the centers. In some of the centers, hip fracture cases were only self-reported. Nevertheless, the accuracy of self-reported hip fractures is considered high and more reliable compared to other fracture sites (Chen et al., 2004) .
In conclusion, in a sample of elderly Europeans from five countries followed up for approximately 8 years we have found suggestive evidence that intake of vegetables, fish and polyunsaturated lipids may decrease hip fracture risk, whereas intake of saturated lipids may increase that risk. Dairy products, calcium, vitamin D and ethanol were not found to be associated with hip fracture occurrence.
